Introduction {#S0001}
============

Ocular injury is one of the common causes of acquired blindness in children. The consequences of childhood injury are harmful as it leads to permanent blindness and visual handicap. It adds to the economic burden on the society. It also affects the psychological, social, and emotional development of a child. At the same time, parents are also worried about the future of the child.

Ocular trauma in children accounts for 8% to 14% of the total injuries.[@CIT0001] Childhood eye injury is different from adult ocular trauma in terms of the objects involved in causing injury, evaluation, and management protocols.[@CIT0002] Childhood eye trauma includes a range of corneal surface abrasions to corneal and scleral perforations. The majority of ocular injuries in children are preventable by taking minor precautions and identification of risk factors for ocular injury.[@CIT0003]--[@CIT0006]

Ocular injuries have been broadly classified into two types: (1) open and closed globe and (2) adnexal injuries. Open globe injury is an emergency and requires immediate attention.[@CIT0007]

The epidemiological profile of pediatric ocular injuries varies from country to country and state wise in the same country. There have been studies on pediatric ocular injuries in the developed countries[@CIT0008]--[@CIT0010] and developing countries.[@CIT0002],[@CIT0011]--[@CIT0015] Eye trauma is more common in developing countries than in developed countries.[@CIT0016],[@CIT0017] The nature of the injury and visual outcome is different between developing and developed countries due to vast differences in social, demographic, and cultural factors. There has been a study on the epidemiological profile of ocular trauma in the pediatric age group. However, there is a sparse literature in the visual outcome in posterior segment trauma in the pediatric age group.

Therefore, the present study was carried out to identify various etiological factors involved in the causation of pediatric ocular injuries, implementation of preventive measures in the population, and the visual outcomes in pediatric ocular trauma.

Materials and Methods {#S0002}
=====================

The present study was a prospective, observational, and interventional case study carried out in the tertiary eye care center. The duration of the study lasted from September 2018 to August 2019. The medical ethics committee of the Government medical college and hospital, Nagpur, Maharashtra, India approved the study. The study adhered to the tenets of the Declaration of Helsinki. The data were collected after written informed consent from parents. The study included all children of age group ≤15 years who sustained eye injuries and presented to the outpatient department or emergency services. A detailed history as to the cause of the injury was obtained. Any systemic injury was noted. Demographic profiles of all patients in terms of age, sex, residential area (urban or rural), date and time of injury, and any treatment were noted. A detailed ocular examination included visual acuity, slit-lamp biomicroscopy, and fundus examination. In infants and preschool children visual acuity was evaluated using Teller Acuity Cards. In the rest of the children, visual acuity was assessed using a Snellen chart. Intraocular tension was measured in all patients, except in those having open globe injuries. Gonioscopy was performed in closed globe injury. Ultrasounds of the eye and adnexa were obtained. Radiography of the eye was advised in patients with a suspected retained intraocular foreign body. Children who did not co-operate with the examination were examined under general anesthesia before any intervention.

All patients were appropriately managed and followed up on days 1 and 7 and in the first and sixth months. Patients requiring surgical intervention were operated upon with the repair of perforation, removal of foreign body, vitrectomy. These patients were followed up on day one postoperative period and subsequently till 6 months. Surgical techniques not mentioned as it was beyond the scope of the study. At every visit, the best-corrected visual acuity, slit-lamp examination, intraocular pressure, and fundus examination were performed. Patients with minimum follow-ups of 6 months were included in the study group.

Ocular Trauma Score and Classification of Injury {#S0002-S2001}
------------------------------------------------

Ocular trauma score was carried out according to the scoring system developed by Khun et al.[@CIT0017] The ocular injuries were classified using the standardized international classification of ocular trauma, the Birmingham Eye Trauma Terminology System (BETTS).[@CIT0018] BETTS is to depict the ocular injury terminology (open or closed globe).[@CIT0019] Classification of ocular trauma according to the location of the wound was defined by the Ocular Trauma Classification Group.[@CIT0020]

Statistical Analysis {#S0002-S2002}
--------------------

The data were entered in an Excel^®^ sheet (Software version 14.1.0 \[110310\]/2011) (Microsoft Corporation, Redmond, WA, USA), and statistical analysis was performed with SPSS version 13.0 (SPSS Inc, Chicago, IL, USA). Snellen's visual acuity was converted to LogMAR unit for the statistical analysis. Mean and standard deviation were used to describe the continuous variables, while frequencies and percentages were used to describe the categorical and binary variables. Parametric and non-parametric comparisons were performed for all variables.

Results {#S0003}
=======

Demographic Characteristics {#S0003-S2001}
---------------------------

Out of 350 children examined, 66 (18.9%) presented ocular trauma. Five patients (8.2%) were lost to follow-up. Therefore, the statistics represent 61 children. Mean age at presentation was 8.33 ± 4.03 years. Children aged 6--10 years (39.3%) were most commonly affected followed by the age group consisting of 11- to 15-year-old children/adolescents (36.1%). There were 38 (62.3%) boys and 23 (37.7%) girls. There were no significant differences between rural and urban children (54.1% and 45.9%, respectively). [Table 1](#T0001){ref-type="table"} shows the sociodemographic characteristics of the studied ocular trauma children.Table 1Socio-Demographic CharacteristicsSocio-Demographic VariablesNumber of Children (%)Summer VacationWinter VacationAge (Years) 0--515 (24.6)\-- 6--1024 (39.3)0807 11--1522 (36.1)0606Sex Male38 (62.3) Female23 (37.7)Residence Urban28 (45.9) Rural33 (54.1)

Ocular Injury Details {#S0003-S2002}
---------------------

Forty-seven children (77.1%) had uniocular and 14 children (22.9%) had binocular injuries. The nature of injuries were classified into open (63.9%) and closed globe (24.6%). Other injuries (8.2%) included adnexal and chemical injuries. Ocular injury details are shown in [Table 2](#T0002){ref-type="table"}--[4](#T0004){ref-type="table"}. A perforating open globe injury to the cornea (n = 29, 47.5%) was the most common injury. In a closed globe injury, corneal abrasion (n = 7, 11.5%) was the most common injury followed by hyphema (n = 04, 6.6%). Other types of closed globe injuries were lid and canalicular injuries (n = 03, 4.9%), chemical and orbital fractures (n = 01, 1.6%).Table 2Open Globe Injury ProfileType of InjuryMaleFemaleTotal (%)Corneal perforation210829 (47.5)Corneoscleral perforation10304 (6.6)Scleral perforation02103 (4.9)Globe rupture000303 (4.9)Total241539 (63.9) Table 3Closed Globe Injury ProfileType of InjuryMaleFemaleTotal (%)Hyphema2204 (6.6)Superficial foreign bodies0202 (3.3)Endophthalmitis0101 (1.6)Corneal abrasion3306 (11.5)Dislocated lens1001 (1.6)Total060814 (24.6) Table 4Ocular Injuries (Not Included in the Birmingham Trauma Technology System \[BETTS\] Classification) but Included in a Closed Globe InjuryType of InjuryMaleFemaleTotalLid and canalicular010001 (5.3)Chemical000303 (15.8)Orbital fracture010001 (5.3)Total020305 (26.3)

Zone of injury: Distribution of injury according to the zone of involvement of globe is represented in [Table 5](#T0005){ref-type="table"}. Zone I injury was common in closed (n = 33) and open (n = 15) globe injury (n = 15).Table 5Zone of Injury in Both the GroupsZone of InjuryOpen GlobeClosed GlobeTotal (%)I331548(78.7)II0404 (6.6)III9009 (14.8)

### Ocular Trauma Score (OTS) {#S0003-S2002-S3001}

Thirty-one eyes in open globe and 15 eyes in closed globe injury fall into OTS category 2. Details of OTS are illustrated in [Table 6](#T0006){ref-type="table"}.Table 6Ocular Trauma Score in Both Types of InjuryOcular Trauma Score CategoryOpen GlobeClosed Globe1 (0--44)0612 (45--65)30073 (66--80)04064 (81--91)0015 (92--100)0204Total4219

Only seven cases (11.5%) presented within 6 h after injury, 20 cases (32.8%) presented between 6 and 24 h after injury, while 34 cases (55.7%) presented 24 h after injury.

### Causes of Trauma {#S0003-S2002-S3002}

Sports-related injury was common (n= 18) followed by those caused by wooden stick (n= 14) and firecrackers (n=11). Details of injury are shown in [Table 7](#T0007){ref-type="table"}. During the analysis of ocular injury, most of the injuries were seen during the period of vacation of children (Summer April--June, n=14 and winter November--December, n=13).Table 7Causes of Ocular InjuryType of InjuryNumber of Eyes (%)Sports related (cricket ball, spinning top)18 (29.5)Wooden stick14 (22.9)Firecracker11 (18.0)Metallic07 (11.5)Chemical03 (4.9)Other (bird beak, hens leg, dog bite, cooker blast, fall over hot vessel)08 (13.1)Total61

Treatment and Visual Outcome {#S0003-S2003}
----------------------------

In the open globe injury, 36 eyes (36/39, 92.3%) required immediate surgical intervention in the form of surgical repair of the perforation site. Three eyes had sealed corneal perforation, which were managed by medical treatment. One patient having sealed corneal perforation developed a cataract 2 months later and underwent cataract-removal surgery with implantation of intraocular lens. In the closed globe injury, five patients (33.3%) required immediate intervention. These included two patients with the removal of a corneal foreign body. One patient needed paracentesis and removal of blood from the anterior chamber, one patient required vitrectomy for endophthalmitis, and one patient required removal of dislocated lens from the anterior chamber.

In the open globe injury, 6 patients had no perception of light (NPL), while 33 patients had visual acuity from the perception of light to LogMAR 1.00 (6/60). Eight patients improved to LogMAR 0.30--0.00 while 20 improved to LogMAR 1-PL. Five patients had poor visual outcome and three patients presented with globe rupture, and presenting visual acuity was NPL. One patient each developed secondary glaucoma and panophthalmitis.

In the closed globe injury, eight children presented visual acuity LogMAR 1- PL+, and six had visual acuity LogMAR 0.30--1.00. Visual outcome in 10 children was LogMAR 0.30---0.00. One child did not improve as his eye went into secondary glaucoma. This patient had firecracker injury. Visual outcome in types of injury is depicted in [Table 8](#T0008){ref-type="table"}.Table 8Visual Outcomes in Closed and Open Globe InjuryVisual Acuity (LogMAR)Open Globe Injuries (n= 42)Closed Globe Injuries (n= 19)Chemical InjuriesAdnexal InjuriesABABABAB0.30--0.00--08110--1----0.30--1.00--060605021----1- PL +332008000101\--NPL060511\-\--Unable to assess0303\-\-\--0101[^1]

Discussion {#S0004}
==========

The present study is the first kind of its study from the central region of Maharashtra highlighting the magnitude of the ocular injury problem in the pediatric age group. Pediatric ocular trauma forms about 20--50% of all ocular injuries reported.[@CIT0006],[@CIT0007]

The incidence of pediatric ocular trauma in our study was found to be 18.9% (350/66) in a one-year period. Three hundred and fifty children presented in the outpatient department during the study period with various ocular problems. Sixty-six children had ocular injury. Singh et al noted the incidence of pediatric ocular trauma in the central Indian population as 12.8%.[@CIT0011] Saxena recorded the incidence in a tertiary eye care center in the duration of 6 months as 20.8%.[@CIT0003] Maurya (in an epidemiological study from the northern part of India) showed about 30.35% of ocular trauma occurred in the pediatric age group.[@CIT0021] Wadeai et al noted an increase in the childhood trauma to the extent of 49.7% in the Egyptian population.[@CIT0022] In the Nigerian population, the proportion of eye injuries in children was 26.4%.[@CIT0015] A study from an Arabian country demonstrated a high incidence of pediatric trauma to the tune of 58.5%.[@CIT0013] China found the incidence of pediatric ocular injury in the Chaoshan region to be 23.6%.[@CIT0023] Five percent of all admissions in developed countries[@CIT0024] and 12.9% from developing countries result from eye injuries.[@CIT0012] The variability in the documentation of ocular trauma incidence in pediatric population could be due to vast differences in cultural and social factors and study design. It also depends on the referral services and the facilities available for the treatment in the hospital.

Our hospital received patients from all parts of the city in addition to rural areas. Therefore, there were no differences in the referral of the cases from the rural and urban areas (54.1% and 45.9%, respectively). Chakraborti et al, in their study from eastern India, noted the majority of children were from urban populations (70%).[@CIT0025] However, Singh has shown a high preponderance of childhood trauma in the rural population. In their study, they demonstrated that rural area children are at 1.5 times higher risk of ocular injuries than urban children.[@CIT0011] Similar findings were reported by Katiyar et al in rural children, accounting for 78% of ocular trauma.[@CIT0026] The differences in the rural and urban population could be due to improvement in the eye care facilities in the rural areas restricting the referral to the urban centers.

We found that children aged 6--10 years (39.3%) were most commonly affected followed by those in the age range of 11 to 15 years (36.1%). This finding correlates with other studies from Indian population,[@CIT0003],[@CIT0011],[@CIT0025],[@CIT0026] and those from all over the world also show the same trend.[@CIT0013],[@CIT0022],[@CIT0023],[@CIT0027] In this age group, a child starts going to school and is often involved in many sports activities.

Studies have quoted percentage of males affected are more than the females.[@CIT0003],[@CIT0011],[@CIT0013],[@CIT0022],[@CIT0023],[@CIT0025]--[@CIT0027] Our study also showed preponderance to males 38 (62.3%) over females 23 (37.7%). A possible reason for this finding could be that boys are more involved than females in outdoor activities. Another possible explanation given by Singh et al is the importance given to males over females in Indian society with respect to illness, a finding with which we also agree.[@CIT0011]

In the current study, the most common cause of ocular injury was sports-related injury (spinning top, cricket ball) in a closed globe and wooden stick in the open globe. This observation correlates with Qayum et al, who also found that sports-related injuries are common with respect to closed globe injuries, and wooden stick injuries were found in open globe.[@CIT0028] Most of the studies demonstrate the wooden stick as a common cause of injury.[@CIT0011],[@CIT0021],[@CIT0026],[@CIT0029] Availability of wooden material in the vicinity of the house could be the reason for this finding. Nowadays, children are attracted to sports activities. They do not understand the importance of supervision by the experts. Therefore, sports-related injuries were common in our studies. Saxena et al reported bow and arrow injury (15.2%) was common in their study.[@CIT0003] Singh revealed only 2.1% of cases were related to bow and arrow injury.[@CIT0011] In our study, we did not come across any case of such an injury, suggesting a declining trend toward the use of the bow and arrow. This trend could be due to awareness about ocular injuries associated with this type of sports. Eighteen percent of the children in our study had firecracker-related injuries. Saxena et al also reported firecracker injury as a common mode of ocular injury.[@CIT0003] In spite of a fireworks regulation act; the trend towards ocular injury caused by fireworks is increasing. This trend could be due to firecrackers are exploded during festival seasons but also during marriages. Most of the time, parents do not supervise children's activities, which lead to an increase in incidences of firecracker-related ocular injuries. Strict legislation and public education are needed to stop firecrackers-related injuries.

Uncommon causes of eye injury in the present study were injury caused by a bird beak, hen's leg, dog bite, and cooker blast.

We have observed the injury trend during vacation. As many as 27 (27/61, 44.3%) children had eye trauma while on vacation. However, no seasonal predilection to injury was noted. Maurya et al observed 43.5% injuries in the summer, 31.6% in the rainy season, and 24.9% in the winter.[@CIT0021] The importance of performing an analysis of ocular injury during vacation periods is to strictly supervise children's sports activities and to educate them to avoid eye injuries.

In the present study, open globe injuries (63.9%) to the eye dominated compared to the closed globe ones (24.6%). Similar trends have been observed in many studies.[@CIT0003],[@CIT0011],[@CIT0022],[@CIT0023],[@CIT0026] However, few studies have observed closed globe injury common than open globe injury.[@CIT0013],[@CIT0021],[@CIT0027],[@CIT0030],[@CIT0031] The reason for more patients with open globe injuries could be due to patients with severely injured eyes that affected their vision came to the hospital, while those with closed globe injury did not.

Open globe injuries present more potential for poor vision than the closed globe injuries.[@CIT0003],[@CIT0011],[@CIT0021]--[@CIT0028] In our study, six patients presented with NPL, and five remained NPL after surgical repair of the perforation site. Poor prognosis in these patients could be due to repeated surgical interventions, development of secondary glaucoma, and/or endophthalmitis. Those children who presented with visual acuity between PL + -- 6/60 (n=33) did not improve beyond 6/60. Agrawal et al demonstrated poor visual outcome in patients with posterior segment trauma.[@CIT0002] Singh et al reported that visual acuity presentation may suggest the extent of damage to the ocular structures.[@CIT0011] Delayed presentation of the patients to the hospital delays intervention thus leading to poor prognosis.[@CIT0011],[@CIT0013],[@CIT0022],[@CIT0025] In our series, 34 cases (55.7%) presented 24 h after an injury had occurred. In a study by Saxena et al, 34% of children presented 24 h after injury.[@CIT0003] Wadeai et al, in a pediatric Egyptian ocular trauma study, showed that 50% of children presented 24 h after injury.[@CIT0022] However, they did not find any clinically significant differences in the visual outcomes between patients presenting after 24 h compared to those that presented earlier than 24 h.[@CIT0022] Significant delays in the presentation of patients in our study could be due to lack of awareness about the severity of ocular injury in the population, late recognition of the problem, inability to bring child to the hospital due to loss of daily wages, or residing in remote areas. About half of the patients (54.1%) in our study were residing in rural areas.

In the closed globe injury group, one patient had NPL, and this patient did not improve. This patient had undergone a firecracker injury and developed secondary glaucoma. Visual outcome was better in closed group as 10 patients improved from 6/12 to 6/6 and five from 6/12 to 6/60. One patient with chemical injury had a poor vision (PL+) because he developed corneal scarring along with uncontrolled intraocular pressure. Therefore, it is important to check IOP during follow-up visits and conduct the necessary glaucoma-related investigations.

The ocular trauma score (OTS) serves to predict visual prognosis after an ocular injury has occurred. A high score suggests good visual outcome, whereas a low score suggests poor visual outcome. The maximum number of patients (n=30) had an OTS of category-2 (45--65) in the open lobe injury, suggesting poor prognosis. This finding was reflected in the visual outcome in open globe injury. This result is in agreement with Singh et al, who demonstrated that 96.2% of patients with OTS 5 could achieve good vision compared to 6.2% patients with OTS-1.[@CIT0011]

Zone-I injuries were common in both the groups, suggesting anterior structures of the eye are vulnerable to trauma.

In order to prevent blindness due to ocular injuries and treat pediatric ocular trauma, we propose the establishment of a rapid action ocular trauma team involving a casualty medical officer, resident ophthalmic surgeon, vitreoretinal specialist, anesthetist, and medical social worker within every ophthalmic department. This setup will ensure the management of pediatric ocular injuries in addition to the education of society to prevent ocular trauma.

Conclusion {#S0005}
==========

Our study concludes that ocular injuries are a major cause of pediatric blindness in the central region of Maharashtra. The age group from 6 to 10 years is susceptible for trauma. Timely referral and management can help to prevent blindness originating from ocular trauma. Follow-ups of children are important for treating complications in the long term. It is very essential to educate children, parents, and teachers regarding ocular health and hygiene in order to minimize eye injuries. Formation of a rapid action ocular trauma team may help to treat pediatric ocular trauma and create awareness and educate child, family, and society regarding ocular trauma.
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[^1]: **Abbreviations:** A, Presenting visual acuity; B, Final visual acuity; PL, Perception of light.
